INTRODUCTION
The anomalous magnetic field of the Earth is caused by the presence of highly magnetized minerals and compounds of iron oxides along with oxides of various other metals in crustal rocks.
It is well known that the determination of the lower edges of magnetized bodies is an important problem in geophysics and geology. This problem is highly complex, and cannot be solved by using the interpretation of magnetic data only. On the other hand, the magnetization of rocks is delimited in depth by the Curie surface. Studies to determine the Curie surface have been carried out for the Ukraine (Kutas 1978) , Azerbaijan (Pilchin 1983; Pilchin & Khesin 1981) , the Bering Sea (Cooper et al. 1992) , Norway (Schlinger 1985) , the USA (Blakely 1988; Boler 1978; Byerly & Stoll 1977) , Japan (Okubo & Matsunaga 1994) , and various other regions (Haggerty 1978; Frost & Shive 1986) . Investigations into Curie-temperature values for various compounds and the effect of pressure on it were carried out by Arkharov & Bulychev (1957) . Pilchin (1983) , Kaul & Mohan (1994) , Tamura (1994) , Kiss, Bohonyey & Lovas (1994 ), Nishimura et al. (1994 , Hatakeyama et al. (1994) , Takeda et al. ( 1995) , Endo et al. (1995) , and Oomi & Araki (1995) .
For the ancient platforms (Kutas 1978; Pilchin 1983 ) the Curie temperature of magnetite (575-578 "C) is reached at a depth of over 40-50 km (Curie surface), and is usually deeper than the Moho discontinuity. At the same time the depth of the lower edges of magnetized bodies in these regions does not exceed a value of 10-15 km (Bulina 1970 Pilchin 1983 . This means that, for these regions, the depth of the Curie surface exceeds the depth of the lower edges of magnetized bodies.
Possible reasons for the positions of the lower edges of magnetized bodies are investigated in this paper by using geothermal, magnetic, geochemical, mineralogical and petrologic data. Two typical regions, Azerbaijan (geosynclinal area, southern Caucasus) and Israel (area joining the ancient platform with the crystalline shield), were chosen for the research.
INVESTIGATION PROCEDURE
The methods developed by Pilchin (1983) were used to determine the temperature at various depths in the Earth's crust. It is well known from physics, metallurgy and geochemistry (Arkharov & Bulychev 1957; Tretyakov 1967; Nagatha 1961; Pechersky et a/. 1975; Kurepin 1975; Pilchin & Khesin 1981; Sherman 1989 ) that iron suboxide (FeO) is unstable at low temperatures and that iron oxide (Fe,O,) is unstable at high pressures and temperatures, and these properties were used as the basis of the investigation. The proportionality of these substances is controlled by the following eutectic reaction:
(1)
DATA
Published data from a variety of sources were used in this research; namely, geothermal data for Israel (Rozenthal (Ginzburg & Makris 1979; Ben-Avraham 1985; Kashai & Croker 1987; Frieslander & Ben-Avraham 1989; Ben-Avraham & Ginzburg 1990; Cohen. Captsan & Flexer 1990; Ten Brink et al. 1990; Ginzburg & Ben-Avraham 1991) and petrologic, geochemical and mineralogical data throughout the world (Bowen & Tuttle 1950; Yoder & Tilley 1962; Clark 1966; Green & Ringwood 1967a, b; Green, Green & Ringwood 1967; Green & Ringwood 1968; Miashiro 1974; Shteinberg & Freshatter 1968; Sobolev 1974; Perchuk 1976; Baragar 1977; Gelinas et al. 1977; Goodwin 1977; Green et al. 1987; Parker et al. 1987; Sial 1987; Stillman 1987; Ganguly & Domeneghtti 1996) In addition, data from some previous investigations in Azerbaijan ( Pilchin & Khesin 1981; Pilchin 1983 According to physical and chemical research by Tretyakov (1967) , reaction ( 1 ) for the decomposition of iron suboxide (wustite) takes place at temperatures of 570°C and below. This is explained by the non-stability of iron suboxide at temperatures lower than 570 "C (Tretyakov 1967; Arkharov & Bulychev 1957) . The occurence of native iron in many different types of rocks and secondary formed magnetite and haematite (iron oxide) confirms that reaction ( 1) does indeed take place in the crust. Native iron was found in volcanic, plutonic, hypabyssal, metamorphic and sedimentary rocks (Tyan et al. 1976) , and in iron meteorites, eastern Siberia platform kimberlites, ultramafic and alkaline rocks and kimberlites of the Aldan Shield, ancient and young granitoids of the former USSR territory, granulites of Sal'nie Tundra (Kola Peninsula, Baltic Shield), volcanic pumice, basalt lavas, meteorite craters (Canada), plagiogranites of the Ore Altai Range (Russia), and Cretaceous volcanics of Armenia, etc. (Dence 1965; Ermolov & Tyan 1975; Tyan et al. 1976) ; it has also been found in lunar rocks (Volunets, Kliotin & Dubin 1984) . Magnetite and iron oxide are well known as secondary formed minerals (Nagatha 1961; Pechersky et al. 1975; Sholpo 1977) . Pure Fe, which is generated in the process of reaction ( l ) , turns into magnetite or iron oxide. A succession of oxidation transformations of native iron to magnetite and haematite in conditions suitable for iron suboxide was ascertained for charnockites (Ermolov & Tyan 1975 ).
An experimental investigation of Fe oxidation under the thermodynamic conditions of the central crust showed (Ikornikova 1960 ) that iron was oxidized to iron oxide and magnetite. The presence of oxygen, water and carbon monoxide is very important for iron oxidation. At the same time, according to Nagatha (1961) , iron oxide is unstable even in air at very high temperatures (above 1390 "C), and transforms to iron suboxide. Reaction (1) is also strongly dependent on pressure. Experimental investigations ( Arkharov & Bulychev 1957; Kurepin 1975) show that when the pressure increases up to lOMPa, the temperature boundary of wustite (iron suboxide) stability decreases to 450°C or even less. On the other hand, magnetic minerals do not crystallize from a melt at any pressure of oxygen under a geostatic pressure of more than 2250 MPa (Kurepin 1975 ).
From the above, it is clear that iron oxide (Fe,O,) and magnetite (Fe,O,) are stable under relatively low pressures and temperatures, and they are non-stable at great depths. Furthermore, the stability of iron suboxide increases significantly when it is mixed with magnesium oxide (MgO) and calcium oxide (CaO) (Tretyakov 1967) . Therefore, we can conclude that iron oxide (Fe,O,) is unstable at temperatures above that necessary for reaction ( l ) , and its existence is practically impossible under the real thermodynamic conditions of the lower crust. We can thus conclude that the depth of the lower edges of magnetized bodies is delimited by the depth (depth interval) of reaction ( l ) , and not by the depth of the Curie discontinuity (d,) (Pilchin & Khesin 1981; Pilchin 1983 ). To test this suggestion an investigation into the iron oxide and iron suboxide contained in some common rocks and minerals was carried out (Pilchin & Khesin 1981; Pilchin 1983) . For convenience (Pilchin & Khesin 1981; Pilchin 1983 ), a coefficient v was used. The coefficient can be determined from:
where MFeO and MFeZO, are the weight percents of iron suboxide and iron oxide in the rock, respectively. The results (Pilchin 1983) for various rocks and minerals are presented in Tables 1-6 . Tables 1 and 2 show that there is a direct correlation between the value of the coefficient v and the depth of the formation of the rocks. Moreover, minerals and rocks that are products of the secondary alteration or contain water (epidote, zoisite, amphibole, biotite, serpentinite) are characterized by low or essentially lower values of the coefficient I?.
The parameter v was also determined for rocks of the same genetic origin: various types of basalts (Table 3) and eclogites (Table 4) .
The choice of basalts and eclogites for more detailed examination was a result of the large amount of data available from petrological studies. These data are presented in the tables according to the depth of their formation (according to petrological data from Green & Ringwood 1967a, b; Green et al. 1967; Green & Ringwood 1968; Yoder & Tilley 1962) . Moreover, for these rocks, reaction ( 1) was experimentally registered (Bowen & Tuttle 1950; Yoder & Tilley 1962; Green & Ringwood 1967a) . In Tables 3 and 4 , the petrological data show a clear correspondence between increase in v and depth. (1987) and Sial(1987) l are presented.
It can be seen from Tables 5 and 6 that the largest values of v are for ancient rocks such as those formed in the Archean and Middle Proterozoic. For Archean rocks, this is because of the lack of water in the Archean period, and for Middle Proterozoic rocks it is because of the very high temperature of rocks during their formation. The almost complete absence of ophiolites and serpentinites in the PreRephean period (Dobrzhinetskaya 1985; Pilchin 1996 ) also point to the lack of water during that period.
It is obvious that the results of the investigation corroborate the suggestion that reaction ( 1 ) runs under real thermodynamic conditions at depth. It raises the problem of exact determination of the depth interval for reaction (1) in real crust conditions.
As was mentioned above, the temperature of the start of iron suboxide decomposition decreases from 570" to 450 "C with increasing pressure up to 10 MPa (Arkharov & Bulychev 1957) . On the other hand, investigations into density, magnetic and geochemical characteristics of sepentinites from the Lesser Caucasus (Pilchin et al. 1979; Pilchin 1983) showed that the process of serpentinization is accompanied by reaction ( 1 ). This allows us to make the assumption that in natural conditions the temperature of reaction (1) corresponds to the temperature of the serpentinization process (Pilchin & Khesin 1981) , ranging from 200" to 400°C (Hess 1955; Pilchin 1983, etc. ).
This conclusion is in good agreement with experimental and field geophysical data (Sholpo 1977; Zlotnik-Khotkevich & Kuzmicheva 1981) , which shows that the temperature of magnetic mineral formation ranges from 200" to 400 "C, and that in the absence of air and oxygen, iron hydroxides turn into magnetite at temperatures above 200 "C. Results from magnetic research into magmatic rocks (Pechersky et al. 19751 , and palaeomagnetic research on the Ukranian Shield (Mikhailova et al. 1985) and the Canadian Shield (Persival & Peterman 1994) also point to the low-temperature formation of magnetic minerals.
It is held by some that the most common magnetic materials of the Earth's crust are titanoniagnetities (Nagatha 1965; Pechersky et al. 1975) , which have Curie temperatures lower than that of magnetite. On this basis, Pechersky et al. (1975) explained the shallow depths of the lower edges of magnetized bodies in the majority of regions by the presence of titanomagnetites. However, igneous rocks in the southern Caucasus contain small amounts of titanium oxide (Pilchin & Khesin 1981) . Therefore, in this region the depth of the lower edges of magnetized bodies cannot be related to the presence of titanomagnetites using geothermal data for the southern Caucasus, the depths of isotherms 200°C (Hl), 400°C (H,) and the Curie temperature (H,) for the Middle Kura Depression (syncline zone) were determined. Results of the calculations are presented in Table 7 along with the values of H,, the depth of the lower edges of magnetized bodies determined using magnetic data (Pilchin & Khesin 1981) .
Let us consider some of the results presented in Table 7 . The depth H1 for isotherm 200 "C increases from 5.5 km in the west to 7.5 km in the east of the Middle Kura Depression. The depth H , of isotherm 400°C also increases from 13-14 km in the west to 21-22km in the east of the Middle Kura Depression. Therefore, in the Middle Kura Depression, the most probable depth interval for the surface of wustite (iron suboxide) decomposition is the interval from 5.5-7.5 km to 13-22 km. It can be seen from Table 7 that the interval is in good agreement with the depth of the lower edges of magnetized bodies determined using magnetic data. It is obvious that this correlation is not accidental. Furthermore, only in the area of two magnetic anomalies (Shamkhor and Zhdanovskaya) does the depths of the lower edges of magnetized bodies (H,) coincide with the depth of the Curie surface (H,). Those anomalies are located in the zone of large faults, where conditions are favourable for the conversion of iron suboxide to iron oxide. Oxidation conditions in such zones may be present at great depths. The depths of the lower edges of magnetized bodies for 14 other magnetic anomalies reflect the depth interval of reaction ( 1). A similar investigation was conducted for a zone joining the ancient platform with the Precambrian shield in Israel, and the results are presented in Table 8 . The value of H , was estimated by an empirical (Bulina 1970 ) method and a multimodel (Khesin, Alexeyev & Eppelbaum 1996) procedure. In Table 9 , geothermal data calculated for three different models of the Earth's crust in Israel are presented. The depth of the Curie surface in Israel is substantially below the Moho discontinuity, as can clearly be seen from Table 9 .
The present research shows that the depth of the lower edges of magnetic bodies is delimited from the bottom by reaction (1) conditions, and it can reach the depth of the Curie surface only in deep fault zones with good oxidation conditions. At the same time, the conditions of reaction ( 1) at different crustal depths depend on pressure and temperature.
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Here H s is the depth of the basement, T, is the temperature of the basement surface, HI is the depth of the 200°C isotherm, H 2 is the depth of the 400°C isotherm, H , is the depth of the Moho discontinuity, H , is the depth of the Curie surface, T, is the temperature at the Moho discontinuity, H , is the depth of the lower edges of magnetized bodies according to the interpretation of magnetic data (mainly) as well as gravity and seismic data.
Magnetic minerals (magnetite, magnesium ferrite, etc.) and iron oxide are unstable under high pressures and temperatures and cannot preserve their magnetic properties up to the Curie surface in the conditions of the Earth's crust (except for deep fault zones). This fact prompted Pilchin & Khesin (1981) and Pilchin (1983) to suggest using the wustite disintegration surface, and not the Curie surface, as a bottom limit for the lower edges of magnetic bodies. An analysis of the data available from geochemistry, mineralogy and petrology, as well as experimental petrology and magnetic data, points to an obvious relation between reaction (1) and the serpentinization process. This fact allows us to take the temperature interval Here H, and H, are the depths of the isotherms at 200°C and 400"C, respectively; T, is the temperature at the Moho discontinuity 200-400 'C as the most common temperature interval for reaction ( 1 ) conditions in the Earth's crust.
Our research shows that the lower edges of magnetic bodies always (except for the deep fault zones) lie between the depths of isotherms 200°C and 400"C, and even in the deep fault zones they do not always reach the Curie surface. This means that, for any palaeomagnetic research, temperatures between 200 'C and 400 "C, depending on the region, should be used as the temperature for the generation of magnetic minerals, and not the Curie temperature of magnetite, as is usually the case (Zhai & Halls 1994) . The shallow depth of the lower edges of magnetized bodies in ancient ( Pre-Riphean period) shield and platform regions is caused by thermodynamic conditions and the lack of water in crustal layers at the time the main rock complexes were generated. The great depth of the lower edges of magnetized bodies in geosyncline zones is caused by the destruction of crustal layers and substantial amounts of water in the crust in the Post-Riphean period.
C O N C L U S I O N S
( 1 ) Conversion of iron suboxide to iron oxide transformation influences the conditions under which ferromagnetic compounds can be found in the Earth's crust.
( 3 ) A Curie discontinuity can characterize the position of the lower edge of a magnetized body only in zones of deep faults, cutting right through the Earths crust, by the presence in these regions of conditions favourable for oxidation processes (the presence of oxygen or water).
(3) The magnetic properties of iron oxides are controlled by the thermodynamic conditions of eq. ( 1).
(4) The character of the serpentinization process is described by reaction ( l), and the thermodynamic conditions for serpentinization and reaction ( 1 ) are equal.
( 5 ) Reaction (1) in natural conditions takes place in the temperature interval 200"-400 "C.
( 6 ) The coefficient $1 of the relative content of iron suboxide in the rocks can be used to determine the depth of formation of various rocks. This coefficient can also be used to determine oxidation conditions in the region.
(7) For palaeomagnetic research, the temperature range 200" to 400 "C should be taken as the temperature of generation of magnetic minerals, and not the Curie temperature of magnetite.
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